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We implanted a permanent transvenous pacemaker to a patient with d-transposition of the
great arteries (TGA) 22 years after the Mustard procedure. The patient was a 23-year-old male
who had undergone the Mustard procedure at one year of age. Although he was asymptomatic
during regular follow-up at our outpatient clinic until the last visit 3 months earlier, advanced
atrioventricular (AV) block with sporadic complete AV block was observed. He underwent
transvenous pacemaker implantation after venography for conﬁrmation of anatomical
relationship of cardiac chambers and absence of venous stenosis. The ventricular lead was
anchored at the left ventricular apex, and the atrial lead was anchored at left atrial roof to
avoid phrenic nerve stimulation. Screw-in leads were selected for reliable ﬁxation. A
pacemaker with a more physiological rate response function with dual sensors was selected
for the bradyarrythmia. The patient was able to resume his active daily life.
(J Arrhythmia 2008; 24: 91–95)
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Introduction
Atrial switch operations, such as the Senning or
Mustard procedure, were standard repairs for trans-
position of the great arteries (TGA) in the 1970s and
the beginning of the 1980s before the prevalence
of arterial switch operations. Arrhythmia, systemic
right ventricular dysfunction and late sudden death
of Mustard survivors are well-recognized complica-
tions.1–6) A pacemaker system is needed to treat such
complications. Of note, patients who have undergone
atrial switch operations have the unique anatomy of
both of the vena cavae leading to the left atrium, left
ventricle and pulmonary artery.7) Therefore, we have
to consider these anatomical conditions at implanta-
tion of transvenous permanent pacemaker leads for
Mustard survivors. The number of reports about
pacemaker implantation for patients after the atrial
switch operation is still few.8,9) We recently per-
formed a transvenous pacemaker implantation for
advanced atrioventricular (AV) block in a 23-year-
old male who had been corrected by the Mustard
procedure. We describe this case, including technical
problems, selection of pacemaker lead, and the type
of generator in this special situation.
Case report
A 23-year-old male, who underwent the Mustard
procedure due to transposition of great arteries
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(TGA) at one year of age, was followed up regularly
by a pediatric cardiologist in our hospital. Although
he was in sinus rhythm until the last visit to our
outpatient clinic 3 months earlier, advanced AV block
was ﬁrst observed (Figure 1) at age 23. Although the
patient complained only of mild fatigue after exer-
tion, his Holter electrocardiogram (ECG) revealed
bradycardia and advanced AV block including spora-
dic complete AV block. His heart rate was between
31 bpm to 62 bpm with a mean heart rate of 43 bpm.
Therefore, a permanent pacemaker was indicated to
treat the complete AV block. Prior to intravenous
pacemaker implantation, we conﬁrmed that there
were no baﬄe or venous obstruction and the relation-
ship of cardiac chambers by venography (Figure 2).
We performed the pacemaker implantation under
local anesthesia. Both atrial and ventricular screw-in
type leads were inserted from the left axillary vein
by puncture. The ventricular lead (Medtronic 5076-
58, Medtronic, Minneapolis) was easily anchored to
the left ventricular apex with a straight stylet. The R-
wave amplitude and threshold were 11.2mV and
0.5V at 0.5msec in pulse width, respectively.
Whereas, the atrial lead (Medtronic 5076-58, Med-
tronic, Minneapolis) was anchored into the left atrial
appendage using an arc stylet. However, diaphrag-
matic twitches were introduced by stimulation to the
left phrenic nerve. We ﬁnally positioned the atrial
lead to the roof of the left atrium as medially as
possible using a ready-made J stylet to avoid
twitches. The P-wave amplitude and its threshold
were 4.2mV and 0.4V at 0.5msec in pulse width,
respectively. As the patient is an active young male,
we selected a pacemaker (Symphony DR 2550, Ela
medical, Milan) with dual sensored rate response
function dependent on accelerometer and minute
volume sensor to enable a more physiological heart
rate response in case of sinus node dysfunction.
Since his sinus node function was still normal at that
time, the pacemaker setting was programmed to
DDD mode with a basic rate of 60 bpm. Chest X rays
just after pacemaker implantation are shown in
Figure 3. His postoperative course was uneventful.
After transvenous pacing for three months, the
cardiothoracic ratio decreased from 57% to 52%.
He felt improvement of his physical condition after
pacemaker implantation. His ECG showed p-track-
ing ventricular pacing (Figure 4).
Figure 1 Preoperative ECG shows complete atrioventricular block.
Figure 2 Preoprerative venography. Contrast media inject-
ed in the innominate vein opaciﬁes the superior vena cava
(SVC), left atrium (LA) and left atrial appendage (LAA), left
ventricle (LV), and pulmonary artery (PA). No stenosis or
obstruction in the expected course of pacemaker leads is
encountered.
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Discussion
At the out-patient clinic we face late complica-
tions after atrial switch operations such as arrhyth-
mia, systemic right ventricular deterioration, and
sudden death.1–4) Atrial rhythm disturbances, espe-
cially sinus node dysfunction, are frequent after
atrial switch operations. In the series of 534 children
by Gelatto et al,4) sinus rhythm was present in 77%
of cases at 5 years after the atrial switch operations
Figure 4 Postoperative ECG shows p-tracking ventricular pacing without supraatrial arrhythmia.
A
B
Figure 3 Postoperative chest X-p. A: P-A, B: R-L
An atrial lead is anchored at the roof of the left atrium and a ventricular lead is anchored at the apex of the left ventricle.
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and only 40% after 20 years. A total of 10% (53/
534) of surviving patients needed pacemaker im-
plantation. Several other reports showed that supra-
ventricular arrhythmia was a time dependent com-
plication.1–3) Permanent pacemaker therapy after the
atrial switch operation is not considered to be rare,
and increases as Mustard survivors get older. How-
ever, the number of patients surviving the atrial
switch operation is small at each center. Therefore, it
is important to share technical pitfalls and techniques
for implantation of transvenous pacemakers for
Mustard survivors.
The anatomy after the Mustard procedure is quite
unique. The Mustard procedure uses an intraatrial
baﬄe to direct venous return to the left ventricle and
pulmonary venous return to the right ventricle.7)
Therefore, systemic venous blood from the vena
cava is led to the left atrium, left ventricle, and
pulmonary artery, and the anchoring positions of the
atrial lead and the ventricular lead are the anatomical
left atrium and anatomical left ventricle, respective-
ly. It is crucial to have exact knowledge about the
anatomy after the Mustard procedure. Venography
prior to pacemaker implantation provided useful
information about the relationship of cardiac cham-
bers and the baﬄe or venous obstruction on the
course of pacemaker leads (Figure 2).
Regarding anchoring position and selection of
atrial lead, a tined lead is preferable as an atrial lead
to avoid atrial perforation. Since the anchoring
position of the atrial lead after the Mustard proce-
dure is the left atrium, it is limited only to the left
atrial appendage because there is no trabeculation
for a tined lead to be ﬁxed other than at the
appendage. As the left phrenic nerve is running on
the pericardium near the left atrial appendage, the
pacing lead in the left atrial appendage may
stimulate the left phrenic nerve, which leads to
diaphragmatic twitching. We had to ﬁx atrial lead on
the left atrial roof as medially as possible to avoid
diaphragmatic twitching. The risk of atrial perfora-
tion is considered to be low because of adhesion
between the left atrium and the pericardium induced
by previous Mustard operation. Therefore, a screw-
in type lead, which can be ﬁxed everywhere in the
left atrium, is preferable to a tined lead as the atrial
lead for this patient.
As for ventricular lead selection, knowledge of the
anatomy of the left ventricle is required. The entire
free wall of the left ventricle and the apical half
to two-thirds of the septum are trabeculated, but
trabeculations are characteristically ﬁne compared
with those in the right ventricle.10) Trabeculation of
the left ventricle may be too ﬁne to ﬁx a tined lead
with its ﬁn suﬃciently. A screw-in type lead can be
ﬁxed anywhere in the left ventricle, even at the
ventricular septum with smooth surface. For the
above reasons, a screw-in type lead is also preferable
as the ventricular lead for this patient.
Common late complications after the atrial switch
operation are sinus node dysfunction and bradycar-
dia induced by medical therapy of tachyarrhythmia.
Atrioventricular block is somewhat rare.2–4) In this
case, we implanted transvenous a pacemaker for
complete AV block. However, the patient still had
the possibility of sinus node dysfunction or tachyar-
rhythmia. Therefore, we selected a dual sensored
rate response pacemaker dependent on accelerome-
ter and minute-volume sensor, which provides a
more physiological response to the heart rate during
exercise than a pacemaker with rate response
dependent on only one parameter.
We performed a permanent transvenous pace-
maker implantation on a patient with sudden onset
of complete AV block 22 years after the Mustard
operation. The atrial lead was positioned at the left
atrial roof, not in the left atrial appendage, to avoid
phrenic nerve stimulation, and the ventricular lead
was positioned at the left ventricular apex. Screw-in
type leads were chosen for both atrial and ventricular
pacing to secure ﬁne ﬁxation on the left atrial roof
and in the left ventricle with ﬁne trabeculation,
respectively. We selected a pacemaker with more
physiological rate response function by dual sensors
to prepare for possible sinus node dysfunction or
medication for tachyarrthmia in the future.
This case suggested the need of meticulous
follow-up after the atrial switch operation for severe
arrhythmia requiring mechanical devices. It is
crucial for a permanent transvenous pacemaker
implantation on a patient after the repair for
congenital heart disease to have exact knowledge
about the anatomy after the repair. Mechanical
devices implanted to patients after atrial switch
operations should be selected to prepare for possible
complications in the future.
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